Touch sensation is one element of sensory function. As such, somatosensation is one of the sensory domains included in the NIH Toolbox, which is an assessment battery for measuring a range of human functions including emotional health, sensation, cognition, and motor function. We evaluated a variety of methods for inclusion in the NIH Toolbox main battery. In a convenience sample of 409 participants, we evaluated aspects of kinesthesia, pain, and tactile discrimination. We present results on these measures across the lifespan and discuss implications for future studies that use the NIH Toolbox and these measures. Neurology â 2013;80 (Suppl 3):S41-S44
GLOSSARY ICC 5 intraclass correlation coefficient.
Touch sensations contribute to somatic aspects of body scheme as a basis for interacting with the environment. 1 Somatosensation includes responses to touch, pressure, temperature, and changes in movement related to the skin and joints. 2, 3 After a series of meetings, a team of consultants to the NIH Toolbox with expertise in somatosensation defined the construct to include the following.
Somatosensory function refers to the detection, discrimination, and recognition of body sensations. Somatosensation includes submodalities of touch sensation such as light touch, vibration, firm pressure and texture discrimination, proprioception involving sensing the location and movement of body parts, temperature sensation, and pain. For the NIH Toolbox, the term "somatosensation" will refer to all aspects of touch and proprioception that contribute to a person's awareness of his or her body parts and the direct interface of these with objects and the environment. The experience of sensing often involves a more complex integration of somatosensory inputs and may be influenced by emotional and social contexts.
Somatosensation is mediated, in part, by the somatosensory and posterior parietal cortices, which underlie the ability to identify tactile characteristics of surroundings, create meaning about sensations, and formulate body actions related to the sensations. [4] [5] [6] Proprioception-based abilities include locating one's limbs without looking, directing a limb to a given point, and judging the weight of an object. 7 The term kinesthesia specifically refers to the ability to detect the movement and position of one's limb in space without vision. 1 Somatosensory function changes over the lifespan and strongly affects functioning in everyday life. 1, 8, 9 People in mid to late adulthood experience decreased sensitivity to light touch and texture discrimination compared with children, adolescents, and young adults. [10] [11] [12] [13] There are also age-related differences in cutaneous pain, 14 vibration and warm temperature sense, [15] [16] [17] and spatial acuity. [18] [19] [20] Much of this decline over time is attributed to progressive change in the sensitivity of cutaneous receptors 21 and has functional implications. 22 Difficulties in tactile and proprioceptive discrimination can limit a person's spontaneous hand use and the ability to manipulate and grip objects, affecting quality of life and, perhaps more importantly, safety. [23] [24] [25] Given the impact of somatosensation on function and its wide variation across individuals and across the lifespan, the NIH Toolbox aimed to include this domain as part of the battery to evaluate sensory function for use in epidemiologic and prospective studies.
The somatosensation team reviewed the literature to identify measures that were brief and easy to administer, quantitative, inexpensive, and could discriminate range of performance in a general population over the lifespan. During a pretesting phase, we evaluated several prototype tests for potential inclusion. In a subsequent validation phase, we examined brief measures of touch with subjects across the lifespan. In this report, we present some brief results from the validation phase for somatosensory measures considered for inclusion in the NIH Toolbox for Neurological and Behavioral Function. We selected sensory functions that showed promise to be sensitive in a general population for further investigation: touch discrimination of the fingertips, awareness of limb position, and pain. METHODS Participants and design. We studied a convenience sample of community-dwelling children and adults (N 5 409, ages 3-85 years). Our groups collected data from 6 occupational therapy program sites: University of Kansas, Ohio State University, University of Pittsburgh, Washington University, Thomas Jefferson University, and LaTrobe University/National Stroke Research Institute. Most participants were tested on a single occasion. We tested a subset of participants on 2 occasions to investigate test-retest reliability.
Measures of somatosensation. Kinesthesia. We examined kinesthesia (i.e., the Brief Kinesthesia Test) using a method based on the work of Ayres 26 (1971) for testing children. We asked participants to reproduce movements without vision after being guided by the examiner. We measured the distance in centimeters from the response location to the target location. There were 3 items per hand (a short, medium, and long distance) for a total of 6 items.
Tactile discrimination. Tactile, or touch discrimination, is important in exploration of objects and performance of daily activities. 8, 25 Tactile discrimination can affect stereognosis, the ability to identify objects based on touch alone. 1 A well-validated instrument, the Tactile Discrimination Test, 27 uses standard surfaces for the stimuli. Discrimination is evaluated with a 3-alternative, forcedchoice design. 28 The stimulus is a texture grating marked by ridges at set spatial intervals. Five different sets range from small to large differences. The texture gratings have been used in functional imaging studies of touch sensibility, with reproducible activation in primary and secondary somatosensory cortices among healthy volunteers. 28 The test has normative standards, high test-retest reliability, and good discriminative test properties. 29 Self-reported pain. We evaluated self-report (8 years to adulthood) and proxy-report (3-8 years) assessment for pain based on items from the NIH Patient Reported Outcomes Measurement Information System (see nihpromis.org); some of the items for adults will compose a supplement to the NIH Toolbox. Pain measures are discussed separately in this issue of Neurology ® (see Cook et al.).
RESULTS
Space does not permit a report of the findings from the validation phase for each measure; these will appear in other articles. Herein, we focus on 2 measures considered for the NIH Toolbox: the Brief Kinesthesia Test and a brief version of the Tactile Discrimination Test. 29 Brief Kinesthesia Test. In the analysis, we used the medium and long distances only for both hands (4 items) to shorten testing time and because the short items did not contribute to the best-fitting model. Confirmatory factor analysis of the 4-item version yielded an acceptable fit for a 1-factor model (comparative fit index 5 0.97, Tucker-Lewis index 5 0.90, root mean square error of approximation 5 0.098, 90% confidence interval for root mean square error of approximation 5 0.04-0.17, standardized root mean square residual 5 0.028) (n 5 367). Figure 1 presents a boxplot of scores as a function of age. The U shape in the figure suggests that performance was best for individuals in the middle of the age distribution. Analysis of variance, using 5 age groups based on previous literature 30 (figure 1) , supported significant differences among the groups: F 4, 358 5 74.92, p 5 0.000. Follow-up contrasts on adjacent age groups were also significant, except for those aged 19 to 40 years vs those 41 to 65 years. These 2 groups were not different from each other (p 5 0.946). This finding is consistent with studies of children that show an age trend of increasing accuracy from younger to older children. 29 Test-retest reliability on a subsample (n 5 26) was adequate for the 4-item version (intraclass correlation coefficient [ICC] 5 0.71). ICC was based on a 2-way mixed model, single measures.
Tactile Discrimination Test. We tested a subset (n 5 189) of the total sample on a brief version of the Tactile Discrimination Test (5 stimuli 3 2 runs 5 10 trials). We tested both dominant and nondominant hands; there were no significant differences between hands, so because of the short time allocated for somatosensory testing, we proposed that the final version of the NIH Toolbox include testing the dominant hand only. Figure 2 shows boxplots of scores from the 10-trial version for the dominant hand; we organized the data by age categories suggested by the literature, as well as team discussions and subsample size considerations. 30 Again, analysis of variance showed significant differences across the 5 age groups (F 4, 182 5 10.43). All adjacent pairs of age groups significantly differed from each other except for those aged 41 to 65 years vs older participants. Using a 2-way mixed model, ICCs were 0.52 and 0.58 for the dominant and nondominant hands, respectively, of the subsample (n 5 26).
DISCUSSION AND RECOMMENDATIONS
We observed relatively poorer accuracy on the Brief Kinesthesia Test in reproducing perceived limb position in very young children and older adults, relative to adults in the middle range, which is consistent with prior literature. For example, Ayres 27 (1996) showed that children get more accurate as they get older, and a decline in position sense also has been demonstrated with advancing age. 31 The decline in sensitivity is not universal, however, because there are wide individual differences in the extent of involvement for adults and elderly individuals. 28, 31 The brief version of the Tactile Discrimination Test tested in this study showed a curvilinear relationship with age and there was large variability within each age category. This relationship is also consistent with past findings in children and adults. 20, 30, 32 Children 6 years and younger demonstrated relatively poor performance, with some showing performance less than chance. This may be attributable, at least in part, to difficulty following test procedures at this preschool age. Field notes from examiners often noted poor concentration on the task, so cognitive issues may be confounding poor performance among the youngest children tested. Performance scores tended to be higher in the 20-to 40-year-old age bracket, as expected, 30 with some evidence of deterioration in middle aged and older adults, consistent with evidence of reduced tactile thresholds with age. 20, 30, 32 Psychometrically, the reliability of the brief measure would be improved with more trials, as demonstrated for the original test version. 29 The brief somatosensory measures demonstrated ability to identify differences in somatosensory skills across the lifespan, as expected from prior literature, and will potentially allow for efficient and effective measurement of one's sense of touch and kinesthetic awareness. It is recommended that researchers from different research areas include these measures in future studies to determine the possible contributions of somatosensation to a wide range of conditions. and R01 CA104883, received support from the American Cancer Society (national and Illinois Division) for research in prostate cancer, received institutional support from NorthShore University HealthCare System for research in prostate cancer, received institutional support from the Medical University of South Carolina for sarcoidosis research, and received institutional support from the Northwestern Medical Faculty Foundation for urology research. L. Carey is supported by an Australian Research Council Future Fellowship (no. FT0992299) and was previously supported by a National Health and Medical Research Council of Australia Career Development Award (no. 307905). Dr. Carey is an expert consultant for the NIH Toolbox Project. R. Gershon has received personal compensation for activities as a speaker and consultant with Sylvan Learning, Rockman, and the American Board of Podiatric Surgery. He has several grants awarded by NIH: N01-AG-6-0007, 1U5AR057943-01, HHSN260200600007, 1U01DK082342-01, AG-260-06-01, HD05469; NINDS: U01 NS 056 975 02; NHLBI K23: K23HL085766; NIA: 1RC2AG036498-01; NIDRR: H133B090024; and OppNet: N01-AG-6-0007. Go to Neurology.org for full disclosures.
EDITOR'S NOTE
The somatosensation instruments are available as experimental instruments and are not included in the final NIH Toolbox core batteries.
